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Abstract

In this paper, we use TCP trunking to
hierarchically manage a link’s bandwidth.
TCP trunking is a novel and powerful
bandwidth allocation method. This project
implements the single-level TCP trunking
scheme and extends it to the multi-level TCP
trunking scheme. We have implemented and
tested the multi-level TCP trunking scheme
on a network testbed composed of many
FreeBSD machines. Experimental results
show that TCP trunking can effectively
achieve the goal of hierarchically managing a
link’ s bandwidth.

K e y w oLinldssaring, bandwidth
alocation, traffic management

(I'nternet)

erar chi

(best
ef fort)

(Differentiated)

(



[1]

[ 2]
cl abased
(packet)
cl ass

(packet)
cl assCBQ
roundbin (schedul e)

cl ass
(packet)

(service

N

tep-trunk-2

Y

tep-trunk-1

N
N

tep-1 ,’" /\ TN topl
TCPTrunk\
Sender

tcp-trunk-1

(a) AnIP network; (b) two TCP trunks over the
network; and (c) two user flows (tcp-1 and tcp-2) over
tep-trunk-1.

quer®@) ng°

tcp-2 tcp -2

TCP Trunk
Receiver

FreeBSD
ti mestamp)
cl ass
cl ass (packet)
TCP Trunk TCPTrunk
Sender Receiver
(packet) {i mestamp) Tunnel Queue

cl ass
(buffer) cl ass
(packet)
CBQ

[ 2 13

(packet)
(schedul er)
(packet)

TCP Trunking

end-to-end TCP congestion control

TCP Trunki

—@-ﬂ%gﬁﬂﬂ[]—*

VMSS_ VMSS _VMSS

-l - - - - --- - - -|>
Management 1}(Managljement Packets)
TCP < o -0 0-
(AC kets)

Overview of TCP trunking implementation. At
the trunk sender, arriving packets are redirected to the
tunnel queue. The tunnd queue plays the same role as a
TCPsocket send buffer for the management T CP, except
that once a user packet has been forwarded by the manage-
ment TCP, its occupied buffer space is immediately
reclaimed. (Sincethere will beno retransmission of lost user
packets, thereis no need to hold transmitted user packets in
the buffer.) Each time after VM SS bytes of user packets
hav e been forwarded out, the management TCP can send
out a management packet that contains only a TCP/IP
header but no TCP payload. At the trunk receiver, arriving
user packets areimmediately forwarded out based on their
headers. All operations are done efficiently in the kernel; no
user leve operations or overhead areinvolved.
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The experimental testbed network to demonstrate
TCPtrunk’s hierarchical bandwidth allocation capability. In
total, 16 nodes are used. Two of them are used asthe shared
traffic source and sinker node respectively, for thefour
level -2 trunks. (For presentaion darity, not all used nodes
are shown in this figure.) All linksare 10 Mbps except for
those that connect to the shared traffic source and sinker
nodes, which are 100 Mbps. There are two level-1 trunks
contending for the bandwidth of the bottleneck link from
node A to node B. I neach levd-1trunk, there are two level -
2 trunks contending for the achieved bandwidth of the leve
1trunk.
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Achieved bandwidth of the two level-1 trunks.
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Achieved bandwidth of the four level-2 TCP
trunks.
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